Abstract. P53-binding protein 1 (53BP1) is an early DNA damage response-protein that is rapidly recruited to sites of DNA double-strand breaks. The presence of 53BP1 nuclear foci can be considered as a cytologic marker for endogenous double-strand breaks reflecting genomic instability. This study aimed to clarify the early DNA damage response mediated by 53BP1 in tumor specimens of ductal resection margins and to elucidate its predictive value for clinically evident local recurrence at ductal stumps in 110 patients undergoing resection for extrahepatic cholangiocarcinoma. The ductal resection margin status was classified as negative (85 patients), positive with carcinoma in situ (14 patients), or positive with invasive carcinoma (11 patients). The nuclear staining pattern of 53BP1 was evaluated by immunofluorescence. TUNEL analysis was used to calculate apoptotic index. Ductal margin status was the only independent risk factor for local recurrence (P=0.001). The cumulative probability of local recurrence at 5 years was 10%, 40% and 100% in patients with negative ductal margins, positive with carcinoma in situ and positive with invasive carcinoma, respectively (P<0.001). Of the 14 tumor specimens of carcinoma in situ, 10 showed diffuse localization of 53BP1 in nuclei (53BP1 inactivation) and 4 showed discrete nuclear foci of 53BP1 (53BP1 activation). All 11 tumor specimens of invasive carcinoma showed 53BP1 inactivation. Apoptotic index was markedly decreased in tumor specimens with 53BP1 inactivation compared to those with 53BP1 activation (median index, 0% vs. 22%; P<0.001). Among 14 patients with residual carcinoma in situ, the cumulative probability of local recurrence was significantly higher in patients with 53BP1 inactivation than in patients with 53BP1 activation (60% vs. 0% at 5 years; P=0.020). In conclusion, after resection for extrahepatic cholangiocarcinoma, clinically evident local recurrence at ductal stumps is closely associated with 53BP1 inactivation and decreased apoptosis.
Introduction
A DNA double-strand break (DSB) is a serious lesion that can initiate genomic instability, ultimately leading to cancer (1). A key component in DNA damage response is the histone protein H2AX, which becomes rapidly phosphorylated on a serine, four residues from the carboxyl terminus, to form γH2AX at nascent DSB sites (1). Thus, histone H2AX phosphorylation is a sensitive marker for DSBs (1-3). Recent evidence suggests that p53-binding protein 1 (53BP1) has a role in maintaining genomic stability during long-range joining of DNA DSBs (2). As 53BP1 is an early DNA damage response-protein that is rapidly recruited to sites of DSBs and binds the phosphorylated tail of γH2AX (1-4), the presence of 53BP1 nuclear foci can be considered as a cytologic marker for endogenous DSBs reflecting genomic instability (5,6). Recent studies proposed that immunofluorescence analysis of 53BP1 expression can be a useful tool to estimate the level of genomic instability and malignant potential in precancerous lesions arising from the lung (3), thyroid (5) and skin (6).
After surgical resection for extrahepatic cholangiocarcinoma, invasive carcinoma at the ductal resection margins has a strong adverse effect on patient survival, whereas residual carcinoma in situ does not (7) (8) (9) (10) (11) (12) (13) . Although a small proportion of patients with residual carcinoma in situ at ductal stumps survive in the long term, others develop late local recurrence (7-16). In contrast, some patients with residual carcinoma in situ at ductal stumps die of local recurrence within 5 years after resection (7-13). These findings suggest that a closer investigation of the molecular mechanisms involved in these residual tumors Alteration of p53-binding protein 1 expression as a risk factor for local recurrence in patients undergoing resection for extrahepatic cholangiocarcinoma at ductal stumps is warranted. Therefore, we hypothesized that the early DNA damage response mediated by 53BP1 in tumor specimens of ductal resection margins may affect the long-term outcome of patients undergoing surgical resection for extrahepatic cholangiocarcinoma. This retrospective study sought to clarify the early DNA damage response mediated by 53BP1 in tumor specimens of ductal resection margins and to elucidate its predictive value for clinically evident local recurrence at ductal stumps.
Materials and methods
Patient population. From January 1988 to December 2007, a total of 114 consecutive Japanese patients with carcinoma arising from the extrahepatic bile ducts (extrahepatic cholangiocarcinoma) underwent surgical resection with curative intent at the Niigata University Medical and Dental Hospital. Four patients who also had gallbladder carcinoma were excluded. The remaining 110 patients (84 of whom were included in our earlier report) (7) formed the basis of the current retrospective study, which included 69 men and 41 women with a median age of 66 years (range 35-86 years). The study protocol was approved by the Institutional Review Board of Niigata University Medical and Dental Hospital, and written informed consent was obtained from all patients involved in the current study.
Surgical resection procedures.
Surgical resection procedures depended on the location of the primary tumor. Fifty-seven patients underwent a hepatectomy with extrahepatic bile duct resection, 29 underwent a Whipple procedure or a pyloruspreserving pancreaticoduodenectomy, 12 underwent an extrahepatic bile duct resection, and a combined hepatectomy and pancreaticoduodenectomy was performed in 12 patients. All 110 patients also underwent dissection of the regional lymph nodes, which included the pericholedochal, retroportal, cystic duct, right celiac, posterosuperior pancreaticoduodenal, and hepatic artery node groups (17) (18) (19) (20) . In patients undergoing a pancreaticoduodenectomy, the right portion of the superior mesenteric nodes (20) was also dissected. Seventy-three patients with suspected regional nodal disease underwent dissection of the paraaortic lymph nodes in addition to regional lymphadenectomy, and 6 had involvement of the paraaortic lymph nodes, which was classified as pathologic distant metastasis (pM1) (17). In the current series, no patients underwent a portal vein embolization before resection.
Complications after resection occurred in 67 (61%) patients. Three patients died within 30 days of resection, giving an operative mortality rate of 2.7%. Adjuvant treatment after surgical resection was administered at the discretion of the individual surgeon. Thirty-three patients received adjuvant treatment: oral or intravenous administration of 5-fluorouracil (21 patients) and intravenous administration of gemcitabine alone (8 patients). The remaining 4 patients with positive ductal resection margins received adjuvant local radiotherapy with (2 patients) or without (2 patients) systemic chemotherapy.
Patient follow-up after resection. Patients undergoing a surgical resection were followed regularly in outpatient clinics every 3 to 6 months, with a median follow-up period of 99 months (range, 1 to 259 months). At the time of disease status assessment, 60 patients had died of tumor recurrence and 3 patients had died of suppurative cholangitis. Seventeen patients had died of other causes with no evidence of tumor recurrence. Six patients were alive with recurrent disease and the remaining 24 patients were alive with no evidence of disease. The site of initial disease recurrence was determined by contrast-enhanced computed tomography and/or cholangiography after percutaneous transhepatic biliary drainage. Local recurrence was defined as that occurring at the ductal stumps.
Pathologic evaluation. Resected specimens were submitted to the Department of Surgical Pathology in our hospital for histologic evaluation. Histologic findings were described according to the American Joint Committee on Cancer (AJCC) Staging Manual (17). The extent of the primary tumor was determined through the examination of multiple sections (median of 10 sections; range, 2 to 49 sections) of the entire lesion in each resected specimen. The location of the primary tumor was classified as hilar or nonhilar according to the classification of Bismuth et al (21, 22) . The median tumor size was 40 mm (range, 10 to 100 mm). Histopathologic type was classified as papillary or non-papillary (17, 23, 24) . Histologic grade was based on the area of the tumor having the highest grade (17). Adenocarcinoma was identified as the primary tumor in 107 patients and adenosquamous carcinoma was identified in 3 patients. A total of 2728 lymph nodes taken from the 110 patients who underwent a surgical resection (median of 23 lymph nodes per patient) were examined histologically for metastases. A representative 3-µm section was cut from each lymph node and stained with hematoxylin and eosin.
In the current study, severe dysplasia was included in the category of carcinoma in situ, because it is usually difficult or even impossible to distinguish between these two epithelial lesions (7, 23, 24) . Ductal resection margin status was assessed histologically by frozen-section examination of ductal stumps in 95 of 110 (86%) patients during the operation. After reviewing both frozen sections of ductal stumps and routinely-stained tissue sections of resected specimens, ductal resection margin status was determined. The continuity of carcinoma in situ at ductal resection margins from the main tumor was confirmed on multiple tissue sections. The ductal resection margin status was classified into negative, positive with carcinoma in situ, or positive with invasive carcinoma. A positive ductal margin with both carcinoma in situ and invasive carcinoma was classified as positive with invasive carcinoma.
Analysis of tissue samples. In cases with positive ductal margins, formalin-fixed paraffin-embedded blocks of main tumors and positive ductal margins with carcinoma in situ or invasive carcinoma were used for immunohistochemistry, immunofluorescence and terminal deoxynucleotidyl transferasemediated dUTP nick-end labeling (TUNEL) analysis. For normal controls, 7 samples of non-neoplastic biliary epithelium surrounding tumor from 7 patients without jaundice who underwent no preoperative biliary decompression procedure were evaluated. Nine serial 3-µm tissue sections were re-cut and prepared from each block as follows: 1 for hematoxylin-eosin staining, 4 for immunohistochemical staining with the following antibodies: γH2AX antibody (Bethyl Laboratories Inc., Montgomery, TX; 1:200 dilution), 53BP1 antibody (Bethyl Laboratories Inc.; 1:200 dilution), p53 monoclonal antibody (Leica Microsystems, Newcastle-upon-Tyne, UK; 1:200 dilution), or Ki-67 monoclonal antibody (Dako, Glostrup, Denmark; 1:200 dilution), 1 for TUNEL analysis, 1 for immunofluorescence with 53BP1 antibody, 1 for double-labeled immunofluorescence with γH2AX and 53BP1 antibodies, and 1 as a negative control. Immunohistochemistry was performed using the streptavidin-biotin immunoperoxidase method with the Histofine SAB-PO kit (Nichirei Biosciences, Tokyo, Japan). Apoptotic cells were identified using an Apop Tag ® Peroxidase In Situ Apoptosis Detection kit (Millipore Co., Billerica, MA). All of the non-neoplastic biliary epithelial cells in normal controls and tumor cells in which the reaction product was found in the nuclei were scored as positive, regardless of the staining intensity. Estimation of the nuclear labeling index was based on the percentage of labeled nuclei in the area of tumor cells at the ductal resection margins. The expression of p53 was classified into 4 patterns: negative, sporadic, focal, and diffuse. Focal and diffuse expression patterns were deemed to represent overexpression of p53 as described previously (25). Two independent pathologists blinded to the clinical details assessed each section.
To evaluate the DNA damage response mediated by 53BP1, the nuclear staining pattern of 53BP1 was examined by immunofluorescence. Paraffin sections were deparaffinized and heated in sodium citrate buffer at pH 6.5 for 20 min at 121˚C. The specimens were blocked with 10% normal goat serum for 30 min, then sections were incubated with 53BP1 antibody (1:50 dilution) for 24 h at room temperature, and were labeled with Alexa Fluor 488 F(ab')2 fragment of goat anti-rabbit IgG (Molecular Probes, Eugene, OR) for 1 h at a dilution of 1:500. For double-labeled immunofluorescence with γH2AX and 53BP1 antibodies, after blocking, sections were incubated with γH2AX antibody (1:50 dilution) for 24 h at room temperature, and then labeled with Alexa Fluor 568 F(ab')2 fragment of goat anti-rabbit IgG (Molecular Probes) for 1 h at a dilution of 1:100. After labeling for γH2AX, the sections were then incubated with 53BP1 antibody labeled with a Zenon™ Alexa Fluor ® 488 Rabbit IgG Labeling kit (Molecular Probes) for 2 h at a final dilution of 1:25, in order to detect 53BP1. Primary antibodies were omitted in control experiments. After completing the staining procedures, sections were covered with a few drops of Vectashield Mounting Medium with DAPI (Vector Laboratories Inc., Burlingame, CA) and dried at room temperature before examination. Immunofluorescence was captured with a were determined based on the respective median values, whereas the cut-off level of preoperative serum CEA was set at 5 ng/ml, which was the upper limit of the reference range for serum CEA (<5 ng/ml).
Statistical analysis.
Medical records and survival data were obtained for all 110 patients. Categorical variables were compared using Fisher's exact test or the Pearson χ 2 test; continuous variables were compared using the Mann-Whitney U test. The causes of death were determined from the medical records. Deaths from cancer and/or suppurative cholangitis were treated as failure cases and those from other causes as censored cases. The Kaplan-Meier method was used to estimate the cumulative incidences of events, and differences in these incidences were evaluated by the log-rank test. The Cox proportional hazards regression model was used to identify factors that were independently associated with survival and local recurrence after resection. In this model, a stepwise selection is used for variable selection, with entry and removal limits of P<0.05 and P>0.1, respectively. All statistical evaluations were performed using the PASW Statistics 17 software package (SPSS Japan Inc., Tokyo, Japan). All tests were two-tailed and a P<0.05 was considered statistically significant.
Results
Clinicopathologic characteristics according to ductal margin status. The ductal resection margin was negative in 85 patients, positive with carcinoma in situ in 14 patients, and positive with invasive carcinoma in 11 patients. Clinicopathologic characteristics were comparable among the 3 groups with the exception that the type of surgical resection, adjuvant treatment, and perineural invasion were significantly associated with ductal resection margin status. A positive ductal resection margin was more frequent in patients who underwent a resection of the extrahepatic bile duct alone (P=0.036). Adjuvant treatment was more frequently performed in patients with a positive margin with invasive carcinoma (P=0.017). Perineural invasion was also more frequent in patients with a positive margin with invasive carcinoma (P=0.013).
Factors influencing long-term survival after resection. Overall cumulative survival rates after resection were 42% at 5 years and 31% at 10 years (median survival time 39 months). Univariate analysis revealed that the size of the primary tumor, pN classification, pM classification, histologic grade, blood vessel invasion, and ductal margin status were significantly associated with long-term survival (Table I) . These six variables were entered into a multivariate analysis, and pN classification (P=0.037), pM classification (P=0.001), and ductal margin status (P=0.029) remained independently associated with long-term survival (Table I) .
Ductal margin status significantly affected survival after resection (P=0.003; Fig. 1) . When all 110 patients were divided according to their pN and pM classifications, further significant differences were observed. Of 64 patients that were pathologically negative for nodal and distant metastases (pN0pM0), ductal margin status appeared to have a strong impact on long-term survival (P<0.001; Fig. 2A ). Of 46 patients that were pathologically positive for nodal and/or distant metastases (pN1 and/ or pM1), the differences in long-term survival between the 3 groups of patients, according to their ductal margin status, were not significant (P=0.998; Fig. 2B ).
Factors influencing local recurrence at ductal stumps. At the time of disease status assessment, tumor recurrences had occurred in 66 patients. The sites of initial disease recurrence were local at ductal stumps (n=8), local at ductal stumps plus distant lymph nodes (n=2), local at ductal stumps plus distant organs (n=11), distant lymph nodes (n=8), and distant organs (n=37). In total, 21 of 110 (19%) patients had clinically evident local recurrences at ductal stumps, which were verified by biopsy and/or bile cytology after percutaneous transhepatic biliary drainage (n=18), computed tomography images (n=2), or a biopsy taken on explorative laparotomy (n=1).
The cumulative probability of local recurrence at 5 years was 10%, 40%, and 100% in patients with negative ductal margins, positive with carcinoma in situ, and positive with invasive carcinoma, respectively (P<0.001; Fig. 3 ). The median length of time until local recurrence at ductal stumps occurred was 88 months for patients with residual carcinoma in situ, and 21 months for patients with residual invasive carcinoma. Univariate analysis revealed that ductal margin status and Figure 3 . Kaplan-Meier estimates of local recurrence at ductal stumps. The cumulative probability of local recurrence at 5 years was 10%, 40% and 100% in patients with negative ductal margins, positive with carcinoma in situ, and positive with invasive carcinoma, respectively (P<0.001). lymphatic vessel invasion were significantly associated with local recurrence after resection (Table II) . These two variables were entered into a multivariate analysis, and ductal resection margin status was the only independent risk factor for local recurrence (P=0.001; Table II) .
Expression of 53BP1 in non-neoplastic biliary epithelium.
Of the 7 samples of non-neoplastic biliary epithelium used as normal controls (Fig. 4A-F) , 6 showed faint-diffuse nuclear staining of 53BP1 ( Fig. 4B and C) , whereas 1 showed one or two discrete nuclear foci of 53BP1 ( Fig. 4E and F) .
DNA damage response in tumor specimens. The DNA damage response in tumor specimens of ductal resection margins (14 tumor specimens of carcinoma in situ vs. 11 tumor specimens of invasive carcinoma) was evaluated by immunohistochemistry, TUNEL, and immunofluorescence. Labeling indices for p53 (P=0.732; Fig. 5A ) and Fig. 5B) were not apparently different between carcinoma in situ and invasive carcinoma. The level of DNA DSBs, based on the γH2AX labeling index, was significantly higher in invasive carcinoma than carcinoma in situ tumor specimens (P=0.031; Fig. 5C ), while the apoptotic index was significantly lower in invasive carcinoma than carcinoma in situ specimens (P=0.004; Fig. 5D ). The incidence of p53 overexpression was comparable between tumor specimens of carcinoma in situ [8 of 14 (57%)] and tumor specimens of invasive carcinoma [6 of 11 (55%); P>0.999].
All the 11 tumor specimens of invasive carcinoma showed diffuse localization of 53BP1 in nuclei. Of the 14 tumor specimens of carcinoma in situ (Fig. 6A-H ), 10 were classified as having tumors with diffuse localization of 53BP1 in nuclei ( Fig. 6B and C) and 4 had discrete nuclear foci of 53BP1 (Fig. 6F and G). The nuclear staining pattern of 53BP1 was more clearly visualized by immunofluorescence analysis (Fig. 6C and G) than immunohistochemistry (Fig. 6B and F) . In the 21 tumor specimens with diffuse localization of 53BP1 in nuclei, colocalization of 53BP1 with γH2AX at sites of DSBs was not observed by double-labeled immunofluorescence, indicating 53BP1 inactivation. In the 4 tumor specimens with discrete nuclear foci of 53BP1, co-localization of 53BP1 with γH2AX at sites of DSBs was confirmed by double-labeled immunofluorescence (Fig. 7) , indicating 53BP1 activation.
The median values of apoptotic index were 0%, 1% and 22% in tumor specimens of invasive carcinoma with 53BP1 inactivation, carcinoma in situ with 53BP1 inactivation, and carcinoma in situ with 53BP1 activation, respectively. The apoptotic index was significantly lower in the 21 tumor specimens with 53BP1 inactivation (11 specimens of invasive carcinoma and 10 specimens of carcinoma in situ) compared to the 4 tumor specimens of carcinoma in situ with 53BP1 activation (median index, 0% vs. 22%; P<0.001). The apoptotic index was significantly lower in the 10 tumor specimens of carcinoma in situ with 53BP1 inactivation (Fig. 6D ) than in the 4 tumor specimens of carcinoma in situ with 53BP1 activation (Fig. 6H) (P=0.001; Fig. 8 ). The incidence of p53 overexpression was comparable between tumor specimens with 53BP1 inactivation [12 of 21 (57%)] and 53BP1 activation [2 of 4 (50%); P>0.999]. All the main tumors from the 25 patients with positive ductal margins showed diffuse localization of 53BP1 in the nuclei (53BP1 inactivation). foci predominantly co-localize with γH2AX foci in the nuclei. (F) High magnification of (E). (G) The intensity curves are visualized through the length of the red line in (F). The 2 peaks (arrows) of the green intensity curve of 53BP1 co-localize with the 2 peaks of the red intensity curve of γH2AX.
Impact of 53BP1 status on long-term outcome after resection in patients with residual carcinoma in situ. Local recurrences at ductal stumps were observed in 6 of 10 patients with residual carcinoma in situ with 53BP1 inactivation. Among the 14 patients with positive ductal margins with carcinoma in situ, the cumulative probability of local recurrence was significantly higher in patients with 53BP1 inactivation than in patients with 53BP1 activation (cumulative 5-year local recurrence rate, 60% vs. 0%, respectively; P=0.020; Fig. 9A ). Cumulative survival after resection in these 14 patients was significantly worse in those with 53BP1 inactivation than in those with 53BP1 activation (cumulative 10-year survival rate, 0% vs. 100%, respectively; P=0.026; Fig. 9B ).
Discussion
Although ductal margin status is an established prognostic factor in patients with extrahepatic cholangiocarcinoma (17), a small number of patients with positive ductal margins with carcinoma in situ still survive in the long-term (7-16). This fact inspired the current study which focused on evaluation of the early 53BP1-mediated DNA damage response by immunofluorescence analysis in tumor specimens of ductal resection margins and local recurrence at ductal stumps. To our knowledge, the current study is the first to demonstrate that clinically evident local recurrence at ductal stumps is closely associated with 53BP1 inactivation (diffuse localization of 53BP1 in nuclei) and decreased apoptosis in tumor specimens of ductal resection margins. In contrast, 53BP1 activation (discrete nuclear foci of 53BP1) in residual carcinoma in situ at ductal stumps may result in long-term postresection survival with no evidence of local recurrence. Thus, immunofluorescence analysis of 53BP1 nuclear expression in tumor specimens of ductal resection margins may be useful to estimate the risk for local recurrence at ductal stumps.
Recent studies have demonstrated increased levels of DNA DSBs not only in tumors but also in precancerous lesions in clinical specimens from various tissues (2, 26, (29) (30) (31) ). In the current study, invasive carcinoma at ductal resection margins showed a markedly high γH2AX-labeling index and 53BP1 inactivation, suggesting an inefficient 53BP1-mediated DNA damage response. Carcinoma in situ at ductal resection margins could clearly be subdivided into 2 categories according to the nuclear staining pattern of 53BP1 by immunofluorescence. Carcinoma in situ with diffuse localization of 53BP1 in nuclei showed decreased apoptosis and was associated with a high incidence of local recurrence at ductal stumps, suggesting that clinically evident local recurrence at ductal stumps (i.e., the progression of residual carcinoma in situ to invasive carcinoma at ductal resection margins) is associated with 53BP1 inactivation and decreased apoptosis. In contrast, carcinoma in situ with discrete nuclear foci of 53BP1 showed increased apoptosis and was associated with a favorable survival with no evidence of local recurrence, suggesting that 53BP1 activation and increased apoptosis in residual carcinoma in situ at ductal stumps may result in long-term postresection survival. Taken together, our findings suggest that an inefficient 53BP1-mediated DNA damage response has a crucial role in the progression of residual carcinoma in situ to invasive carcinoma at ductal stumps.
The incidence of local recurrence at ductal stumps was 19% in the current series, and was associated with positive ductal margins. Some authors (8,11,13) reported a significant relationship between local recurrence and ductal margin status based on statistical analysis of the frequency of local recurrence according to ductal margin status. As tumor recurrence depends on follow-up time, we applied the Cox proportional hazards regression model to identify risk factors for local recurrence at ductal stumps, and ductal resection margin status was found to be the only independent risk factor for local recurrence. Earlier reports suggested that residual carcinoma in situ does not have a strong adverse effect on patient survival and may cause late local recurrence (7-16). New results from our current study found that the relative risk for local recurrence in patients with residual carcinoma in situ was 4.26, and 10 of 14 (71%) tumor specimens of carcinoma in situ had an inefficient 53BP1-mediated DNA damage response and the likelihood of local recurrence. Therefore, we believe that residual carcinoma in situ with inefficient 53BP1-mediated DNA damage response has the potential to progress to invasive carcinoma.
Recent surgical studies reported that limited additional resection (≤5 mm) of a margin-positive proximal bile duct did not lead to improvement in survival of patients with hilar cholangiocarcinoma, even if negative margins were achieved with the additional resection (12,32). Possible reasons for the poor prognosis in patients who achieved negative proximal margins after additional resection have been proposed (10, 12) . Firstly, all such cases have 1 to 4 independent adverse prognostic factors (10,12), and secondly, in such cases, clearance of the proximal margin may offer no survival benefit because the ductal margin status is a less powerful prognostic factor in hilar cholangiocarcinoma (12). Our current results found that after stratification according to pN and pM classification, ductal resection margin status significantly affected long-term survival after resection for patients with pN0pM0 disease, but not for patients with pN1 and/or pM1 disease. Taken together, these findings suggest that in patients with pN1 and/or pM1 disease, ductal resection margin status appears to have no impact on long-term survival. When ductal margin status is found to be positive on frozen-section examination, additional resection of the bile duct should be considered in early-stage disease (pN0pM0 disease) or minimally invasive papillary cancer (10, (33) (34) (35) . Further investigation is required to elucidate the effect of additional resection of margin-positive bile ducts on the survival of patients with non-hilar cholangiocarcinoma.
The current study has some limitations. Firstly, it was a retrospective analysis of a small number of patients with positive ductal margins (n=25), and secondly, the follow-up time was shorter than 5 years in 29 patients. However, we believe that these limitations did not significantly influence the outcome of the study due to the fact that the differences among groups were too marked to have resulted from these biases. The current study has a potential clinical implication. Immunofluorescence analysis of 53BP1 expression can be performed on tumor specimens to evaluate the early DNA damage response (inefficient response or efficient response), which may be a useful histologic marker to estimate the potential for clinically malignant behavior in precancerous lesions of the biliary tract, as well as in a variety of other human tumors (3, 5, 6, (29) (30) (31) 36) .
In conclusion, after resection for extrahepatic cholangiocarcinoma, clinically evident local recurrence at ductal stumps is closely associated with 53BP1 inactivation and decreased apoptosis in tumor specimens of ductal resection margins.
Immunofluorescence analysis of 53BP1 nuclear expression in tumor specimens of ductal resection margins may be useful to estimate the risk for local recurrence at ductal stumps in patients undergoing resection for extrahepatic cholangiocarcinoma.
